INTRODUCTION
Clinical trials have an unquestioned role in improving treatment for cancer patients. Major improvements in survival rates observed in various malignancies were made possible through intensive clinical and translational research conducted in the past few decades [1, 2] . Clinical trials allow access to effective treatments and improved individual-patient care for all participating patients, including diagnostic procedures and supportive cancer care. Participation in clinical research enables the quick and smooth introduction of new, effective treatment strategies in everyday clinical practice. Survival of cancer patients treated at institutions involved with cooperative group clinical trials may be superior to survival of patients treated at institutions not involved with cooperative trials [3] , although results of a recently published metaanalysis of randomized and nonrandomized clinical trials challenged this observation [4] .
Because of the fragmentation of particular cancers to molecular subtypes and the challenges in accruing sufficient numbers of patients who have these cancers, the need for international collaboration in cancer clinical research has grown. International collaboration enables faster enrollment of patients, and results of such international clinical trials are more generalizable. Although some improvements in global harmonization and support of international research have been made, many hurdles and barriers remain [5] . One of the major issues is harmonization of ethical, scientific, and regulatory demands for clinical research worldwide. In addition, financial support for academic clinical research remains challenging.
Lack of adequate funding and other barriers have resulted in the conduct of very few clinical trials in developing countries [6] and may result in unmet needs related to cancer control in the developing world. Globally recommended evidence-based treatments do not reflect ethnic (genetic), cultural, and resource differences between wealthy and developing countries. In addition, little research is conducted on those cancer types that primarily affect inhabitants of the developing countries, thus the ability to diagnose and treat patients with these cancer types may be inadequate [7, 8] .
A key factor in the timely completion of a clinical investigation is patient accrual, which can be influenced by a number of factors. Only about 3% of cancer patients are participating in clinical trials in the United States [9] . In contrast, the National Cancer Research Network in the U.K. is one of the most spectacular examples because it has succeeded in increasing the accrual rate from 3.7% to more than 10% in a few years [10] .This was made possible in part by logistical and financial support provided by the National Cancer Research Network to all sites participating in approved trials. Another example is the pediatric oncology community, which accrues more than half of affected children to clinical trials [11] . There are still many hurdles and obstacles in clinical cancer research. Although U.S. oncologists commonly have positive attitudes toward clinical trials, there is a critical need for better infrastructure to support greater patient participation in clinical trials [12] .
Oncologic clinical trials have changed over time; for example, phase III clinical trials have become larger and are more often sponsored by pharmaceutical companies [13] . It is not known what impact this evolution of clinical trials has on global clinical cancer research.
Many organizations, including the American Society of Clinical Oncology (ASCO), have raised concerns about growing barriers to clinical cancer research. Better understanding of clinicians' attitudes toward clinical trials, especially those involved with research outside the U.S., is needed to address the problem of low and selective accrual and to strengthen international collaboration in cancer research [14] . In the present analysis, we explored characteristics and barriers to the global clinical cancer research, as perceived by oncologists.
MATERIALS AND METHODS

Data Collection
We conducted an ASCO-sponsored Web-based survey. The survey consisted of short questions inquiring about participants' research and barriers they might have encountered while conducting clinical trials ( 
Statistical Analysis
Descriptive statistics were used to describe relevant characteristics of the participants. Barriers to clinical cancer research were ranked from 1 (most important) to 8 (least important). Fisher's exact test was used to compare answers between participants of HICs and LMICs, and Mann-Whitney's nonparametric test was used to compare the ranks describing the importance of investigated barriers. All tests were two-sided, and a p value of #.05 was considered statistically significant. No adjustment for multiple analyses was performed.
RESULTS
Characteristics of Respondents
Of 300 oncologists, 27% (n 5 80) responded; of these, 51% (n 5 41) were from HICs and 49% (n 5 39) were from LMICs. Overall, 62% of respondents (n 5 50) were medical oncologists, 11% (n 5 9) were surgical oncologists, 9% (n 5 7) were radiation oncologists and 14% (n 5 18) were of other specialties or did not specify their specialty. Moreover, 90% (n 5 72) worked in academic hospitals and 6% (n 5 5) worked in nonacademic hospitals; the rest (4%) did not specify their working environment. We did not observe any significant differences related to type of medical profession, working environment, or leadership position between respondents from the HICs and LMICs. It should be noted that the potential differences between respondents and nonrespondents could not be analyzed because the survey design guaranteed anonymity.
Characteristics of Clinical Research
Characteristics of the research are summarized in Table 1 and comparisons between LMICs and HICs are reported in Table 2 HICs were more often involved with phase I, II, or III clinical trials (p 5 .01). Forty-one percent of respondents (n 5 33; with no differences between researchers from HICs and LMICs) reported that less than 50% of all clinical trials with which they have been involved in the past 5 years have been registered in a publicly accessible Internet format. Notably, 93% (n 5 74) and 89% (n 5 71) of respondents were involved with investigator-or collaborative group-driven (i.e., academic) and industry-driven clinical trials, respectively. A higher proportion of oncologists with more than 10 academic and industry-driven clinical trials were from HICs compared with LMICs (academic: 71% vs. 29%; p 5 .01; industry: 71% vs. 29%; p 5 .03). Oncologists from HICs more often served as principal investigators than did researchers from LMICs (p 5 .03). For academic research, we did not observe any significant difference in the international collaboration between oncologists from HICs and LMICs (p 5 .38). In contrast, for industrydriven trials, oncologists from HICs were more intensively involved with international collaboration than oncologists from LMICs (p 5 .02).
Overall, 71% (n 5 57) and 51% (n 5 41) of respondents reported that the industry owned the data and handled tissue, respectively, in a majority of industry-driven clinical trials; 14% and 20% of oncologists did not know who owned the data and handled tissue, respectively, in industry-driven trials in which they participated as an investigator. There was a trend of 
Barriers in Clinical Research
Oncologists from HICs responded that their ability to conduct academic research (71%, n 5 29) and industry-driven research (46%, n 5 19) has become more difficult over the past 5 years.
A significantly higher proportion of those who considered their ability to conduct academic research over the past 5 years more difficult were from HICs (73% vs. 27%; p , .01). Similarly, a significantly higher proportion of those who considered their ability to conduct industry-driven research over the past 5 years more difficult were from HICs (70% vs. 30%; p , .01). Overall, 41% (n 5 31), 28% (n 5 21), and 31% (n 5 24) of respondents estimated that the average time from the initiation of all regulatory procedures (including both "competent authority" and ethics committee procedures) to the first-in patient in trial at their institution was ,90 days, 90-120 days, and .120 days, respectively; extreme times were most frequently reported by oncologists from LMICs. Table 3 summarizes obstacles to academic research. Lack of finances was reported as the most important obstacle (average rank: 3.16) and lack of patients as the least important obstacle (average rank: 5.43) to academic research. Competent authorities and ethics committees procedures and lack of time or competing priorities were the second most important barriers in academic clinical research in LMICs and HICs, respectively. Procedures involving competent authorities and ethics committees were a bigger obstacle for the researchers from LMICs compared with the researchers from HICs, but the difference did not reach statistical significance (average rank: 3.87 vs. 4.61; p 5 .15, and 4.28 vs. 4.80; p 5 .30, respectively). In contrast, a lack of time and competing priorities came out as a more important obstacle in HICs than in LMICs, but the difference was not statistically significant (average rank: 4.24 vs. 4.92; p 5 .20).
DISCUSSION
Physician-and patient-related barriers to clinical cancer research have been extensively studied to date in Western countries [16] [17] [18] [19] [20] . In contrast, limited information is available on barriers to clinical cancer research in the rest of the world. In our Web-based survey, we aimed to analyze the characteristics of and barriers to global clinical cancer research, as perceived by oncologists, and to compare them between HICs and LMICs.
Not surprisingly, we found that oncologists from HICs are still more involved with academic and industry-driven research than are those from LMICs. In addition, oncologists from HICs acted more frequently as principal investigators for academic research. Oncologists from HICs also collaborated more intensively in international research, especially in industrysponsored trials. This opposes our view that industry globalization stimulated international clinical research to a greater extent in less wealthy countries than in wealthy ones [21] ; however, our results can be explained by the fact that investigators and sponsors from HICs who still have leading roles in cancer research are seeking a limited number of selected partners in the rest of the world.The majority of both academic and industry-sponsored trials are financed by funds originated in HICs. Hence, it is not surprising that the majority of the HIC-originating trials have investigators from HICs. In addition, investigators from LMICs may seldom be invited to participate in designing and drafting protocols for large international clinical trials. We believe that international collaboration in clinical research would be improved by increased participation of researchers from LMICs.
Researchers from HICs are still facing substantial barriers to the conduct of the academic and international cancer research. American experience shows that there is a critical need for better infrastructure to support participation in clinical trials [14] . European experience with the Clinical Trial Directive (EUCTD 2001/20/EC) teaches us how overmanagement and overregulation might negatively affect cancer research and how important it is to harmonize and not overregulate the field of clinical research [20, 22] . Because of the substantial increase in costs and administrative burdens after implementation of EUCTD 2001/20/EC, international collaboration in academia-driven clinical research decreased in Europe [23] . Currently, some procedures and initiatives are under way that might improve European collaboration in academia-driven research in the future.
In our survey, we did not observe any difference in participation rate in academic and industry-driven trials because approximately 90% of the respondents from both HICs and LMICs were involved with both academic and industry-sponsored research. In contrast to our expectations, neither HIC nor LMIC oncologists reported a shift toward industry-driven trials in the past 5 years; however, it is not known how often academic studies were jointly sponsored by industry and academia or what academic researchers contributed to such trials. Increasing financial and logistical requirements of modern trials often exceed available resources of academic centers, and it seems that pharmaceutical companies may run international trials more easily than academic centers. We hope ourdata reflecta fruitful collaborationbetween industry and collaborative academic groups [24] . A substantial proportion of oncologists from HICs reported that their ability to conduct both academic and industry-driven research became more difficult in the past 5 years (71% and 46%, respectively) ( Table 2 ). Lack of finances and lack of time or other competing priorities were the two most important barriers to their clinical cancer research. This finding is in line with ever-growing barriers and hurdles observed in some parts of the world. Rather than harmonizing and simplifying the regulatory environment, EUCTD 2001/20/EC has had the opposite effect, leading to increased costs with research and personnel costs and a reduction in the number of patients enrolled into academic clinical trials [23] . In addition, resources and time may be wasted with research that is destined to fail. Our study showed that a substantial proportion of oncologists from both HICs and LMICs (42% and 58%, respectively) reported that less than half of their trials were publicly registered, without a significant difference observed between HIC and LMIC responders. It is very unlikely that unregistered clinical cancer trials will have any substantial impact on clinical practice. To avoid publication bias and duplication of trials and to better plan future research, the International Committee of Medical Journal Editors mandated registration of all new clinical trials, with a penalty of denial of publication in participating journals should trials fail to be registered [25] . Furthermore, many phase II clinical trials (although they are publicly registered and may have encouraging results) do not lead to phase III clinical trials; therefore, fewer resources and time should be spent on phase II clinical trials that are not planned to lead to additional studies [26] . One of the reasons to do such phase II clinical trials among investigators is the pressure to undertake research and to publish. Time management should be addressed carefully at institutions where cancer research is conducted.
Results of the study by Somkin et al. [12] showed that to increase trial participation, there is a critical need for infrastructure to support trials, especially additional support staff and research nurses. Surprisingly, in our study, the lack of trained personnel has been ranked as the second least important barrier among oncologists from both HICs and LMICs.
In contrast to HIC oncologists, a substantial proportion of oncologists from LMICs reported that both academic and industry-driven research became easier for them to conduct (46% and 44%, respectively) ( Table 2 ). Based on this response, one could speculate that, despite its lack, globalization in clinical research supports and facilitates the conduct of research in LMICs. Barriers still remain, with lack of funds and lengthy regulatory procedures (i.e., approval procedures by competent authorities and ethics committees) being the most important. Regulatory procedures were ranked as the second most important obstacle to clinical research in LMICs, with extremes in the time from the initiation of regulatory procedures to the first-in patient in the trial observed mainly in LMICs.
Based on our survey, a lack of funding is the main global barrier to clinical cancer research. There is a lack of data on cancer research investment in less wealthy countries, whereas cancer research funding surveys performed in the developed world point out huge disparities among different countries and continents [27] . Consequently, one may speculate that the financing of clinical research needs to be optimized in all countries and on all continents.
The analysis of our Web-based survey has limitations. Generalizability of our findings may be compromised by the methodology of our study and by the low response rate (27%). Alternative selection of oncologists and higher response rate might lead to different conclusions. Furthermore, low response rate might affect the credibility of the subanalysis comparing HICs and LMICs. Demographic data were obtained only for the respondents because the survey was anonymous; therefore, a comparison between respondents and nonrespondents could not be provided. The great majority of respondents were medical oncologists (62%) who were based at academic hospitals (90%), and we believe that our sample is representative of current clinical research practice. To obtain a clearer picture on the barriers, further research conducted among a broader population of oncologists is needed. In addition, there may be substantial differences in barriers to clinical cancer research not only between HICs and LMICs but also within the categories of HICs and LMICs. In-depth interviews with focus groups might add nuance and detail to the findings of our study; however, because of the low response rate, we were not able to do any further subanalyses.
CONCLUSION
Results of our survey-based analysis suggest that oncologists from HICs might be involved with clinical cancer research more intensively than those from LMICs. Lack of finances was identified as the most important barrier to clinical cancer research. In HICs, a lack of time or other competing priorities was the most important barrier, and regulatory procedures were the most important barrier in LMICs. Time management and regulatory issues should be critically addressed for more successful global clinical cancer research. Importantly, because of the methodology of our survey and the low response rate, our findings may not necessarily reflect the opinion of oncologists or all oncologists involved with research. To get a clearer picture, additional research on barriers to clinical cancer research in both HICs and LMICs needs to be done. To further improve cancer outcomes, international collaboration and the globalization of cancer research is indispensable to recognize and eliminate major barriers and hurdles. The Oncologist ®
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